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(54) Improved diaphragm valve with leak detection 

(57) A valve assembly comprises a valve body and 
at least one valve seat is disposed within the valve body. 
A groove is disposed therein concentrically around the 
valve seat. A poppet assembly is disposed within the 
valve body and comprises an imperforate valve stem 
and a valve plug at an end of the valve stem. For three- 
way flow, the valve body includes two valve seats, and 
a valve plug at each valve stem end. A cap is attached 
to an end of the valve body top and a first flexible im- 
perforate diaphragm is disposed within the cap. A sec> 
ond flexible imperforate diaphragm is disposed within 
the valve body between the poppet assembly and the 
first diaphragm, and forms a leak-tight seal with the 
valve body. A base is attached to an opposite end of the 
valve body. A third flexible imperforate diaphragm is dis- 
posed in the valve body between the poppet assembly 
and the base, and forms a leak-tight seal with the valve 
body. A spring means is disposed between the base and 
the third diaphragm for imposing a biasing force onto 
the poppet assembly. A containment body is used to en- 
capsulate the spring means and isolate it from any liquid 
that leaks past the third diaphragm. 
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Description 

FIELD OF THE INVENTION 

This invention relates to valves which can be used 
both with corrosive liquids without valve component 
degradation and with chemically pure liquids without 
deieteriously affecting the liquids* purity. More particu- 
larly, this invention relates to improved diaphragm 
valves that incorporate diaphragms, which are in con- 
tact with the liquids and components which provide for 
detection of any liquids which may leak through the di- 
aphragms, and isolate any metallic components from 
any liquid which may leak through the diaphragms. 

BACKGROUND OF THE INVENTION 

Various types of fluid flow control valves are used 
in applications where the valve is subjected to corrosive 
acidic or caustic liquids, or where the purity of the liquids 
which flow through the valve must be maintained. Such 
valves are constructed of relatively inert materials, e.g.. 
fluoropolymers or other polymeric materials, or the valve 
surfaces which come into contact with the flowing liq- 
uids, or which potentially can come into contact with the 
liquids, are coated with inert materials. Such flow control 
valves are commonly biased closed by a spring force 
and are opened by means of a solenoid actuator, or by 
pneumatic or hydraulic pressure, or the like. When valve 
closure springs are used, it can be important that the 
force required to be exerted by the spring to close the 
valve is minimized. By minimizing the required spring 
force, the spring Imparts less stress to the valve struc- 
tures, thereby increasing the length of valve life. 

Fluid control valves sometimes include a dia- 
phragm which is in contact with the fluid and which pro- 
vides a barrier against escape of the fluid into the valve 
operating mechanism or into the atmosphere. In some 
designs, a backup diaphragm is provided which, in com- 
bination with the barrier diaphragm, provides a chamber 
to contain any fluid which may leak through the barrier 
diaphragm. Such chambers are sometimes provided 
with leak ports, so that, If the barrier diaphragm fails, the 
fluid which passes through the diaphragm into the 
chamber will be detected and appropriate action can be 
taken. 

For example, U.S. Patent No. 4,010,769 discloses 
a valve which incorporates a barrier diaphragm which 
contacts the fluid which flows through the valve. A sec- 
ond diaphragm is in the valve above the first diaphragm, 
and a leak port Is between the diaphragms. Any fluid 
which may leak through the barrier diaphragm will be 
detected by means of the leak port and appropriate cor- 
rective action can be taken. 

When a valve incorporates a diaphragm which con- 
tacts the fluid in a system, and the diaphragm Is con- 
nected to the valve operating mechanism, as is the case 
with the valve disclosed in the 769 patent, any force 



which the fluid exerts on the diaphragm is transmitted 
to the valve operating mechanism and, thus, affects the 
operation of the valve. For example, in the '769 valve, a 
spring biases the valve closed and the valve opens by 
5 means of a solenoid. Any force exerted on the barrier 
diaphragm by the fluid in the system will tend to open 
the valve. Therefore, a larger spring is required to hold 
the valve closed than would be necessary if the valve 
was designed so that the force on the diaphragm tend- 
10 ing to open the valve would be counterbalanced by an- 
other force in the opposite direction. The use of a larger 
spring results in more stresses than necessary being im- 
parted on the valve structure, thereby to reduce the 
length of the life of the valve. 

When a valve is provided with a diaphragm that is 
aitached io the valve's operating mechanism which 
therefore moves with the mechanism as the valve opens 
and closes, the diaphragm can fail due to fatigue crack- 
ing. Usually, the greater the distance the diaphragm 
20 moves, and the more stretch and strain that is applied 
to the diaphragm during each cycle, the fewer cycles the 
diaphragm will be able to withstand before failing. Thus, 
it is important to minimize the length of diaphragm travel, 
and the strain on the diaphragm, to increase valve life. 

U. S. Patent No. 5.261,422 describes a diaphragm 
valve that is constructed to minimize spring force re- 
quired to ck)se the valve and. thereby reduce the stress 
on the valve components and increase valve life. Refer- 
ring to FIG. 1, a three-way valve embodiment 10 dis- 
closed in the '422 patent comprises a valve body 1 2 hav- 
ing a top 14 and a bottom 16. with a fluid inlet passage 
18 through the side of the valve body 1 2 at a first loca- 
tion, a first fluid outlet passage 20 through the side of 
the valve body at a second location, and a second fluid 
outlet passage 22 through the side of the valve body at 
a third location. The first, second and third locations are 
spaced apart radially from each other around the body 
of the valve. 

An upper valve seat 24 facing toward the valve body 
top 1 4 is located in the valve body between the inlet pas- 
sage 18 and the first outlet passage 20. A k>wer valve 
seat 26 facing toward the valve body bottom 1 6 is locat- 
ed in the valve body between the inlet passage 18 and 
the second outlet passage 22. A cap 28 is removably 
mounted on the valve body top 14. and a first flexible 
imperforate diaphragm 30 is mounted on the inside of 
the cap. A second flexible imperforate diaphragm 32 is 
mounted across the upper portion of the valve body 
above the upper facing valve seat 24. The second dia- 
phragm 32 is spaced below the first diaphragm 30 and 
forms an upper barrier for fluid flowing through the valve. 
The space between the first and second diaphragms 
forms an upper fluid containment chamber 34. A base 
36 is removably mounted on the valve body bottom 16. 
A third flexible imperforate diaphragm 38 is mounted 
across a lower portion of the valve body 12 below the 
lower valve seal 26. The third diaphragm 38 forms a low- 
er barrier for fluid flowing through the valve. 
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A poppet assembty 40 is connected between the 
second and third diaphragms and moves with the dia- 
phragms. The poppet assembly 40 comprises a tower 
valve plug 42 connected to the upwardly facing surface 
of the third diaphragm 38, and an upper valve plug 44 
connected to the downwardly facing surface of the sec- 
ond diaphragm 32. The lower valve plug 42 is configured 
to engage the lower facing valve seat 26 to stop the flow 
of fluids from the inlet 18 through the second outlet pas- 
sage 22. The upper valve plug 44 is configured to en- 
gage the upper facing valve seat 24 to stop the flow of 
fluids from the inlet 18 through the first outlet passage 
20. 

A valve stem 46, which has one end integrally 
formed with one of the upper or lower valve plugs, ex- 
tends through the center portion of the valve body 12, 
with the other end of the valve stem removably connect- 
ed to the other valve plug. The connection between the 
valve stem and the valve plug forms a fluid-tight seal 
between the valve stem and the plug. A bolt 48 is dis- 
posed through the valve stem 46 and is used to attach 
the lower valve plug 42 thereto, and extends through the 
third diaphragm 38. 

A spring 50 is in the space between the third dia- 
phragm 38 and the base 36 for biasing the poppet as- 
sembly 40 and the connected second and third dia- 
phragms in an upwardly direction for engaging the lower 
valve plug 42 with the downwardly facing lower valve 
seat 26 to stop the flow of fluids from the inlet 1 8 through 
the second outlet passage 22, while, at the same time, 
disengaging the upper valve plug 44 from the upwardly 
facing upper valve seat 24 to allow flow of fluids from 
the inlet 18 through the first outlet passage 20. Means 
are provided to counteract the spring force for moving 
the poppet assembly 40 and the connected second and 
third diaphragms in a downwardly direction for engaging 
the upper valve plug 44 with the upwardly facing valve 
seat 26 to stop the flow of fluids from the inlet 1 8 through 
the first outlet passage 20. 

While the valve disclosed in the '422 patent is de- 
signed to use a minimum spring force for biasing the 
valve, and to reduce the distance the diaphragm must 
travel and the strain on the diaphragm so that the oper- 
ation life of the valve is enhanced, there are design fea- 
tures of the valve that can be improved upon in an effort 
to: (1) further minimize the potential for contaminating 
chemically pure liquids by contact of leaking liquid with 
metallic valve elements; (2) provide an improved leak- 
tight seal between the respective valve plugs and valve 
seats; and (3) further minimize the number of potential 
leak paths through the valve. It is, therefore, desired to 
provide to the art an improved diaphragm valve for use 
with either chemically pure or corrosive liquids that com- 
prises such improved design features. 

SUMMARY OF THE INVENTION 

A valve assembly is provided for controlling the flow 



of either corrosive or chemically pure liquids without be- 
ing damaged by the corrosive liquids or without contam- 
inating the pure liquids. The design features of the valve 
further minimize the potential for contaminating chemi- 
s cally pure liquids by contact of leaking liquid wKh metallic 
valve elements, provide an improved leak-tight seal be- 
tween the valve plugs and valve seats, and further min- 
imize the number of potential leak paths through the 
valve. Further design features of this valve assembly 
10 minimize the spring force required to close the valve, 
thereby reducing the stress on the valve components 
and Increasing valve life. Additionally, the unique con- 
struction of the valve permits its construction and as- 
sembly without the need for using elastomer ic-type O- 
fS ring seals or the like to prevent leakage from one region 
of the valve to another. 

Valve assemblies, constructed according to princi- 
ples of this invention, comprise a valve body having a 
central fluid transport chamber that extends there- 
through. The valve body includes a fluid inlet and at least 
one fluid outlet, that are each disposed through wall por- 
tions of the valve body. The valve body has an open top 
end arKi an open bottom end. At least one valve seat is 
disposed within the valve body at an edge of the central 
chamber The valve body includes a groove that is dis- 
posed therein concentrically around the valve seat. 

A poppet assembly is disposed within the valve 
body and comprises an imperforate valve stem that is 
disposed within the central fluid transport chamber. A 
valve plug is disposed at one end of the valve stem and 
is positioned outside of the central chamber adjacent the 
valve seat. In the event that three-way flow is desired, 
the valve body includes two valve seats, one at each 
edge of the central chamber, and a valve plug is dis- 
posed at each opposite valve stem end. The groove 
around the valve seat both enables the valve seat to ex- 
pand radially when contacted by a respective valve plug 
to provide an improved leak-tight seal therebetween and 
resists valve seat fatigue and failure after repeated valve 
cyclings. Placement of the valve plug against a respec- 
tive valve seat controls the migration of liquid through 
the valve from the liquid inlet to the liquid outlet. The 
valve stem is of an imperforate design, i.e., is not bored 
completely through, to eliminate a potential leak path for 
liquid through the valve to otherwise non-wetted areas 
of the valve or to the environment. 

A cap is attached to the valve body top end. and a 
flrst flexible imperforate diaphragm is disposed within 
the cap. A second flexible imperforate diaphragm is dis- 
posed within the valve body between the poppet assem- 
bly and the flrst diaphragm, and is connected to one end 
of the poppet assembly. The second diaphragm forms 
a leak-tight seal with the valve body. A base is attached 
to the valve body bottom end, and a third flexible imper- 
forate diaphragm is disposed In the valve body between 
the poppet assembly and the base. The third diaphragm 
is connected to an end of the poppet assembly opposite 
the second diaphragm, and forms a leak-tight seal with 
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the valve body. 

A spring means is disposed between the base and 
the third diaphragm for imposing a biasing force onto 
the poppet assembly, and a containment body is used 
to encapsulate the spring means and isolate it from liq- 
uid leaking past the third diaphragm. The containment 
body forms a leak-tight seal against the base and has a 
thin wall sleeve that accommodates axial displacement 
of the spring means within the valve body. The use of 
the containment body is designed to minimize contact 
with any liquid that has leaked past the third diaphragm 
tothereby further minimize the possibility of contaminat- 
ing high purity chemical process liquid. 

DESCRIPTION OF THE DRAWINGS 

These and otherfeatures, aspects, and advantages 
of the present invention will be more fully understood 
when considered with respect to the following detailed 
description appended claims, and accompanying draw- 
ings, wherein: 

FIG. 1 is a semi-schematic, cross-sectional side 
view of a three-way valve of U.S. Patent No. 
5.261.442; 

FIG. 2 is a semi-schematic, cross-sectional side 
view of one embodiment of the valve assembly pro- 
vided in accordance with practice of the present in- 
vention in a first operating condition for controlling 
the flow of corrosive or chemically pure liquids; 
FIG. 3 is a semi-schematic, cross-sectional side 
view of the valve assembly of the present invention 
taken along line 3-3 of FIG. 2; 
FIG. 4 is a semi-schematic, cross-sectional side 
view of the valve assembly shown in FIG. 2 in a sec- 
ond operating condition; 

FIG. 5 is a semi-schematic, cross-sectional side 
view of a second embodiment of the valve assembly 
provided in accordance with practice of the present 
invention shown in its normally closed condition; 
FIG. 6 is a semi-schematic, cross-sectional side 
view of the valve assembly of the present invention 
taken along line 6-6 of FIG. 5; 
FIG. 7 is a semi-schematic, cross-sectional side 
view of the valve assembly in FIG. 5 in its normally 
open condition; and 

FIG. 8 is a semi-schematic, cross-sectional side 
view of another embodiment of the valve assembly 
provided in accordance with practice of the present 
invention shown in its normally open condition. 

DETAILED DESCRIPTION OF THE INVENTION 

Diaphragm valves of this invention are an improve- 
ment of the diaphragm valves disclosed and illustrated 
in U.S. Patent No, 5,261,422, which is hereby incorpo- 
rated by reference. 

Referring to FIGS. 2 and 3, there are shown semi- 



schematic, cross-sectional side views of a preferred em- 
bodiment of a valve assembly 52 provided in accord- 
ance with practice of the present invention. (The posi- 
tioning and orientation of the components of the valve 

s assembly 52 relative to each other is described below 
as they are shown in the drawings.) The valve assembly 
includes a valve body 54 which is generally cylindrical 
in shape, and which has a top end portion 56 and a bot- 
tom end portion 58. As is best seen in FIG. 3 (and in 

10 phantom lines in FIG. 2). a fluid inlet passage 60 is 
through the side of the valve body 54 at a first location. 
Returning to FIG. 2. a first fluid outlet passage 62 is 
through the side of the valve body at a second location, 
and a second fluid outlet passage 64 is through the side 

IS of the valve body at a third location. The inlet 60 and the 
first and second outlets 62 and 64 are spaced radially 
apart from each other around the periphery of the valve 
body and enter the valve body at about the center of its 
height. In the illustrated embodiment, the first and sec- 

20 ond outlets arc on opposite sides of the valve body, and 
the inlet is between the two outlets spaced equally from 
both. Other spaclngs and positions of the inlets and out- 
lets can be used, if desired. Fittings 66 arc provided on 
the Inlet and first and second outlets for connection of 

25 piping or tubing for carrying liquids to and away from the 
valve. 

The inlet passage 60 empties into a vertically ex- 
tending cyllndrk:al chamber 68 located in a central re- 
gion of the valve body. An upwardly facing, generally 

30 cup-shaped upper chamber 70 is located above the cy- 
lindrical chamber 68, and a downwardly extending, gen- 
erally cup-shaped tower chamber 72 Is below the cylin- 
drical chamber. The upwardly and downwardly facing 
chambers 70 and 72 are essentially identical. 

3S An upwardly facing valve seat 74 is in the valve 
body 54 at the top of the cylindrical chamber 68 and be- 
tween the inlet passage 60 and the first outlet passage 
62. A downwardly facing valve seat 76 is in the valve 
body 54 at the bottom of the cylindrical chamber 68 and 

40 between the inlet passage 60 and the second outlet pas- 
sage 64. 

A cap 78 is removably mounted on the top of the 
valve body 54 by means of internal threads 60 which 
mate with threads 82 on the outside surface of the valve 

45 body. A base 84 is similarly removably mounted on the 
bottom of the valve body by means of internal threads 
86 which mate with threads 88 on the outside surface 
of the valve body. 

The valve body 54, cap 78, and base 84 are pref- 

50 erably molded of an inert material, such as Teflon® PFA 
or Teflon® FEP, which are provided by DuPont Compa- 
ny of Wilmington, Delaware. Such materials are not 
damaged by corrosive, acidic, or caustic liquids and do 
not introduce contamination into chemically pure liquids. 

55 If desired, the valve body, cap, and base may be made 
from other nr^terials, such as metals or various poly- 
mers, and the surfaces that contact liquids flowing 
through the valve are coated with an inert material, such 
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as a fluoropoiymer. 

The operating mechanism incorporated In the valve 
assembly 52 includes a first flexible, imperforate circular 
diaphragm 90 mounted on the inside of the cap. The first 
diaphragm incorporates an upwardly extending flange 
92 around its outer peripheral edge and a cylindrical 
plug 94 which extends downwardly from its center. An 
annular groove 96 is around the inside bottom surface 
98 of the cap 78 and the diaphragm 90 is mounted on 
the cap by means of the diaphragm flange 92 being 
press fit Into the cap groove 96. A space 100 Is defined 
between an upper surface 90a of the diaphragm 90 and 
the inner surface 98 of the cap for accommodating an 
actuating fluid, i.e., a pneumatic or hydraulic fluid or the 
like, which operates on the diaphragm. A port 102 is 
through the center of the cap 78 into the space 100 to 
aibw entry and egress of the actuating fluid. 

A second flexible, imperforate circular diaphragm 
104 is mounted across an upper portion of the valve 
body above the upwardly facing valve seat 74. The sec- 
ond diaphragm 104 Incorporates a downwardly extend- 
ing flange 106 around its peripheral edge. An inside sur- 
face of the distal region 70a of the upwardly facing valve 
body chamber 70 has an outward taper, i.e., the inside 
diameter of the distal region 70a of the valve body be- 
comes larger as you move toward the top of the valve. 
An upwardly facing annular groove 110 is in the valve 
body around the base of the taper. The second dia- 
phragm 104 is mounted in the valve body by means of 
the downwardly extending second diaphragm flange 
1 06 being press fit in the upwardly facing annular groove 
110. The second diaphragm is spaced below the first 
diaphragm and forms an upper barrier for fluid which 
flows through the valve. The space 112 between the first 
and second diaphragms forms an upper chamber for 
containing fluid which may teak from the system through 
the second diaphragm. 

A third flexible, imperforate circular diaphragm 114 
is mounted across a lower portion o1 the valve body be- 
low the downwardly facing valve seat 76. The third dia- 
phragm incorporailea an upwardly extending flange 116 
around rts peripheral edge. An inside surface of the dis- 
tal region 72a of the downwardly facing valve body 
chamber 72 incorporates an outward taper, I.e., the in- 
side diameter of the distal regksn 72a valve body be- 
comes larger as you move toward the bottom of the 
valve. A downwardly facing annular groove 120 is 
around the base of the taper. 

The third diaphragm is nrK>unted in the valve body 
by means of the upwardly extending third diaphragm 
flange 116 being press fit in the downwardly facing an- 
nular groove 120. The third diaphragm 114 forms a low- 
er barrier for fluid flowing through the valve, and the 
space 122 between the third diaphragm and the inner 
surface of the base forms a lower chamber for contain- 
ing fluid which may leak from the system through the 
third diaphragm. 

A poppet assembly 1 24 is in contact with the second 



diaphragm 104 and is connected to the third diaphragm 
114. and moves with the diaphragms. The poppet as- 
sembly 1 24 comprises a lower valve plug 1 26. an upper 
valve plug 128. and a stem 130 connecting the valve 

s plugs together. The lower valve plug 126 is integral with 
an upwardly facing surface 114a of the third diaphragm 
and Is configured to engage the downwardly facing 
valve seat 76. to thereby stop the flow of fluids from the 
inlet 60 through the second outlet passage 64. The low- 

10 er valve plug includes a guide 1 32 that is integral with a 
downwardly facing surface of the third diaphragm 114. 
and that projects axially outward a distance therefrom. 
The upper valve plug 128 is integral with downwardly 
facing surface 104a of the second diaphragm 104, and 
is configured to engage the upwardly facing valve seat 
74, to thereby stop the flow of fluids from the Inlet 60 
through the first outlet passage 62. In a preferred em- 
bodiment, annular grooves 1 34 and 1 36 are around the 
base of the valve plugs 128 and 126. respectively, be- 

20 tween the plugs and the associated diaphragms. The 
valve stem 130, which has one end integrally formed 
with one of the upper or lower valve plugs, extends 
through the center portion of the valve body, i.e., through 
the cylindrical chamber 68. The other end of the valve 

25 stem is renrK>vably connected to the other valve plug, 
wherein the connection forms a fluid-tight seal between 
the valve stem and the plug. In the illustrated embodi- 
• ment. the valve stem 1 30 has its upper end integrally 
formed with the upper valve plug 1 28, and the lower end 

30 of the valve stem is renr^ovably connected to the lower 
valve plug 126. 

The first, second, and third diaphragms are prefer- 
ably formed of an inert materials, such as Teflon® PFA. 
Teflon® PTFE, or Teflon® FER The diaphragms and 

35 their associated components, for example, the upper di- 
aphragm and associated valve plug and stem, and the 
lower diaphragm and associated valve plug, can be fab- 
ricated by machining, if desired. Other operations such 
as molding can also be used. 

40 Vertically extending bores 138 and 140, which are 
in registry with each other, are respectively through the 
center of the upper valve plug 1 28 and along the center 
of the length of the valve stem 130. The valve stem is 
imperforate In that it Is closed at a distal end 142 that 

45 connects the valve stem to the lower valve plug 126. 
Accordingly, the bore 140 extends only partially through 
the valve stem 1 30, which reduces a potential liquid leak 
path through the valve. The bore 140 is designed to ac- 
commodate placement of a Insert shaft 143 therein. The 

50 insert «haft 143 Is used to provide a desired degree of 
axial rigidity to the otherwise polymeric valve stem 1 30. 
The insert shaft can be formed from such inert materials 
as ceramics and the like that will not pose a contamina- 
tion threat to high purity chemical process liquids, and 

55 that have a desired degree of structural rigidity. In a pre- 
ferred embodiment, the insert shaft is formed from 
quartz. Although described and illustrated, valve stems 
of this invention can alternatively be formed without 
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such bore 140 and insert shaft 142, in the event that a 
solid valve stem provides a sufficient degree of rigidity. 

The outside surface of the valve stem distal end 1 42 
includes a radially projecting ridge 144 that extends cir- 
cumferentially therearound. The lower valve plug 126 
includes a stem opening 146 disposed within an up- 
wardly facing surface that is sized to accommodate 
placement of the valve stem distal end 142 therein. The 
stem opening 146 extends axially a partial distance 
through the lower valve plug, and does not extend com- 
pletely therethrough, i.e., the lower valve plug is Imper- 
forate. The stem opening 1 46 includes a groove 1 48 that 
Is disposed radially within a wall surface and that ex- 
tends circumferentially therearound. The groove 148 is 
sized to accommodate placement of the valve stem pro- 
jecting ridge 1 44 therein to provide a releasible snap at- 
tachment between the valve stem 130 and the lower 
valve plug 126 to firmly hold the stem and lower valve 
plug together. In a preferred embodiment, the attach- 
ment formed between the distal stem end 142 and the 
low valve plug stem opening 1 46 forms a leak-tight seal 
with a zero liquid holdup up volume therebetween. 

The lower valve plug guide 132 includes a opening 
150 disposed axially a partial depth from a downwardly 
facing surface that is threaded to accommodate place- 
ment of a threaded member (not shown), such as a 
screw, bolt and the like therein. The opening 150 is de- 
signed so that a thin wall 152 exists between it and the 
stem opening 146 disposed within the opposite end of 
the lower valve plug 126. Use of the threaded member 
within the opening Is designed to cause the thin wall 1 52 
to deflect upwardly towards and against the distal end 
of the valve stem a sufficient degree to release the valve 
stem end 142 from the opening 146 after the valve has 
been assembled. This feature allows one to release the 
valve stem from the lower valve plug in a relatively easy 
manner to permit field maintenance and repair 

Annular backup rings 154 and 156 are mounted in 
the upper and lower fluid containment chambers. The 
upper chamber backup ring 1 54 has a vertical hole or 
bore 158 through its center defining an Inner peripheral 
surface and a generally vertically extending cylindrical 
outer surface 162. As best shown in FIG. 3, a horizontal 
passage of bore 164 is through the upper backup ring 
1 54 from its inside peripheral surface 1 58 to Its cylindri- 
cal outside surface 162 for passage of any fluids which 
may leak into the chamber through the second dia- 
phragm 104. The outer peripheral portion of the backup 
ring 154 extends between the flanges 92 and 106 of the 
first and second diaphragms for securely hokding the 
first diaphragm flange 92 In the cap groove 96 and the 
second diaphragm flange 106 in the body groove 110, 
respectively. 

As Is shown in FIG. 3, a generally vertical leak de- 
tection passage or bore 166 extends from the region of 
the upper containment chamber 112 surrounding the cy- 
lindrical outside surface 162 of the backup ring through 
the valve body to the exterior surface of the valve body 



for the passage of fluids which may leak through the sec- 
ond diaphragm and into the upper containment cham- 
ber. 

Referring to FIG. 2. the lower containment chamber 

s backup ring 1 56 has a vertically hole or bore 1 68 through 
its center defining an Inner peripheral surface and a gen- 
erally vertical extending cylindrical outer suriace 172. 
The inner peripheral surface 166 includes, moving 
downwardly towards the base, a first diameter section 

10 1 74 that extends axially a distance from a f rontside sur- 
face of the lower containment chamber backup ring, and 
an enlarged second diameter section 176 at extends ax- 
ially to a backside surface of the lower containment 
chamber backup ring. The first diameter section 174 Is 

1^ sized to both accommodate placement and guide axial 
displacement of the k>wer valve plug guide 132 therein. 
As will be discussed in greater detail below, the second 
enlarged diameter section 176 is sized to accommodate 
placement of a spring containment body 178 therein. 

20 As is shown in FIG. 3, a horizontal passage or bore 
180 is through the lower backup ring from its bore 168 
to its cylindrical outside suriace 172 for passage of any 
fluids which may leak into the lower containment cham- 
ber through the third diaphragm. A generally vertical 

25 leak detection passage or bore 182 extends from the 
region of the lower containment chamber surrounding 
the cylindrical outside surface 172 of the backup ring 
1 56 vertically through the valve body to the exterior sur- 
face of the valve body for the passage of fluids which 

30 may leak through the third diaphragm and Into the lower 
containment chamber. In the illustrated embodiment, 
the leak detection passage 166, which extends from the 
region of the upper containment chamber, and the leak 
detection passage 1 82, which extends from the lower 

35 containment chamber, flow together and exit the valve 
body through the leak detection port 184. 

Systems can be provided to sound an alarm or the 
like in the event that a leak is detected so that appropri- 
ate corrective measures can be taken. Such corrective 

40 measures can be, for example, to shut down other com- 
ponents of the system in which the valve is being used, 
or to actuate the valve to change its position, or other 
actions as appropriate. The corrective actions can be 
manual or automatic. Leak detection can be by visual 

45 means or sensors can be used. For examp le, an optical, 
resistance, ultrasonic, or capacitive-type leak detector 
sensor can be mounted directly in the leak detection port 
164, if desired. 

The upper and lower backup rings can be molded 

50 or otherwise formed, such as by machining, of inert ma- 
terials, such as Teflon® PFA, Teflon® PTFE. or Teflon® 
FEP. Other relatively inert polymeric materials, such as 
polypropylene, may also be used. 

Referring to FIG. 2. spring means 186 are mounted 

55 in the space between the third diaphragm 114 and the 
base 84 for biasing the poppet assembly 124 and con- 
nected second and third diaphragms in an upwardly di- 
rection for engaging the lower valve plug 126 with the 
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downwardly facing valve seal 76 to thereby stop the flow 
of fluids from the inlet 60 through the second outlet pas- 
sage 64 while, at the same time, disengaging the upper 
valve plug 126 from the upwardly facing valve seat 74 
to allow for flow of fluids from the inlet 60 to the first outlet s 
passage 62. 

In a preferred embodiment the spring means 186 is 
in the form of a pair of coil springs mounted in the ver- 
tically extending lower backup ring bore 168. within the 
second^entarged diameter section 1 76. A first one of the io 
springsjl 88 have a diameter larger than the other spring 
190. and the small diameter spring is nested within the 
larger diameter spring. A bottom end of the springs are 
disposed a distance within a recessed section 192 of 
the base 84. In an exemplary embodiment, the small di- is 
ameter spring 1 90 is coiled in one direction and the targe 
diameter spring 1 88 is coiled in the opposite direction to 
eliminate interference problems. The small and large di- 
ameter springs are preferably metal, coated with Te- 
flon® or other fluoropolymer material. 20 

The springs are disposed within a chamber 194 of 
the spring containment body 178, which body is dis- 
posed within the second enlarged diameter section 176 
of the lower backup ring bore 180. The spring contain- 
ment body chamber 1 94 is generally cylindrical in shape 25 
and is sized to completely encapsulate the springs 
therein to isolate the springs from any liquid that has 
leaked past the third diaphragm 114. Moving radially in- 
wardly from an outermost peripheral edge, the body 178 
comprises an upwardly projecting tongue 1 96 that ex- 30 
tends in a circular manner and defines a peripheral edge 
of the body. The tongue 1 96 is sized to form an inter- 
f erene fit within a groove 1 98 disposed within a backside 
surface 200 of the lower backup ring 156. 

The spring containment body 1 78 comprises a cy- 3S 
lindrical sleeve 202 that extends axially away from the 
tongue 1 96. and that defines a wall surface of the spring 
chamber 1 94. It is desired that the sleeve 202 have a 
thin wall construction to allow it to be axially compressed 
and expanded with the respective axial compression 40 
and expansion of the springs. In a preferred embodi- 
ment, the sleeve 202 has a thin wall construction that is 
adapted to form bellows in response to the compression 
movement of the springs and the spring containment 
body when installed within the valve. In an example em- 
bodiment. where the diameter measured across the 
body tongue is approximately 30 millimeters, it is de- 
sired that the sleeve have a wall thickness in the range 
of from about 0.12 to 1.5 millimeters, and more prefer- 
ably approximately 0.25 millimeters. so 

The sleeve 202 is designed to form one or more bel- 
lows during such compression movement by providing 
one or more integral circumferential ridges along the 
sleeve length. In a preferred embodiment, the sleeve in- 
cludes a first ridge 204 disposed along a base of the ss 
body near the tongue 1 96. and a second ridge 206 dis- 
posed midway along the sleeve length, to cause the 
sleeve to form two bellows during axial compression. 



The second ridge 206 is also designed having an outer 
diameter that is slightly smaller than that of the second 
enlarged diameter section 176 of the lower backup ring 
bore 168 to guide the sleeve 202 along the second en- 
larged diameter sectksn 176 during its axial displace- 
ment. In an example embodiment, such as the one set 
forth above, it is desired that the second ridge 206 have 
an axial length of approximately 1.8 millimeters, and a 
radial width of approximately 2.8 millimeters. 

Extending radially inwardly from the sleeve 202, the 
spring containment body 1 78 includes a closed end 208 
that is disposed over the top end of the springs. The 
cbsed end 208 has a planar frontside surface 210 that 
is positioned adjacent and in contact with a downwardly 
directed surface 212 of the lower valve plug guide 132. 
The closed end 208 has a backside surface that in- 
cludes an axially projecting portion 214 that is sized to 
fit within a diameter of the small diameter spring 190. to 
align the small and large diameter springs axially within 
the spring containment body chamber 1 78. The springs 
bias the poppet assembly 124. and connected second 
and third diaphragms, in an upward direction for engag- 
ing the lower valve plug 1 26 with the downwardly facing 
valve seat 76. 

The spring containment body 178 is preferably 
formed of an inert material, such as Teflon® PFA or Te- 
flon® FEP. The spring containment body can be fabri- 
cated by machining, if desired. Other operations such 
as molding can also be used. 

When it is desired to stop the flow of fluids from the 
inlet 60 through the first outlet passage 62. pneumatic 
pressure or hydraulic pressure or the like is introduced 
through the port 102 in the valve cap 78 into the space 
100 between the first diaphragm 90 and the inner sur- 
face 98 of the cap. Referring to FIG. 4. upon entry of the 
actuating fluid into the space 100 the fluid pressure acts 
on the diaphragm 90 to force the diaphragm and plug 
94 down, pushing the poppet assembly 124 and con- 
nected second and third diaphragms 104 and 114, re- 
spectively, in a downwardly direction against the force 
of the springs 188 and 190. This results in the upper 
valve plug 128 engaging the upwardly facing valve seat 
74 to stop the flow of fluid ; from the inlet 60 through the 
first outlet passage 62, while, at the same time, the lower 
valve plug 126 disengages from the downwardly facing 
valve seat 76 to allow for flow of fluids from the inlet 60 
through the second outlet passage 64. 

A key feature of the valve assembly 52 of the 
present invention is the unique design of the valve seats 
74 and 76. which facilitates the tight seal made between 
the seat and valve plug when the two are engaged. 
Since the seats 74 and 76 are constructed identically, 
only one will be described below. As can be seen by 
referring to FIG. 2 for example, the valve seat 74 com- 
prises a circular edge 216 of the vertically extending cy- 
lindrical chamber 68. and a groove 218 disposed con- 
centrically around the circular edge 21 6. The use of such 
groove 218 around the circular edge of the valve seat is 
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designed to produce a desired degree oi valve seat re- 
silience (i.e.. enable the valve seat to flex outwardly) 
when contacted by a respective valve plug to both pro- 
vide an enhanced leak-tight seal therebetween, and 
continue to provide such desired leak-tight performance s 
after repeated valve cycling without the risk of valve seat 
damage or fatigue. In an example embodiment, where 
the cylindrical chamber 68 has a diameter of approxi- 
mately 19 millimeter and the valve body and the valve 
seat 74 are machined of polytetrafluoroethylene (PT- lO 
FE). the groove 21 8 is positioned radially approximately 
1 millimeter away from the circular edge, has a radial 
width of approximately 0.4 millimeters, and has an axial 
depth of approximately 1 .3 millimeters. 

Another key feature of the valve assembly 52 of the is 
present invention is the design of the vafve stem 1 30 
and the attachment of the lower valve plug 1 26 thereto. 
In an effort to minimize potential leak paths through the 
valve, through which liquid leaking past the second or 
third diaphragms could pass to other non-wetted areas 
of the valve or to the environment the valve stem 130 
has been designed having a bore 140 that extends only 
partially therethrough (i.e., is imperforate), and having 
a distal end 142 adapted to form a snap-type releasible 
attachment with the lower valve plug 1 26 without the use 25 
of a bolt extending therethrough. The elimination of such 
bolt connection extending between communicating 
bores of the valve stem and the lower valve plug both 
eliminates a potential leak path through the valve stem 
and, thereby minimizes the risk of leaking liquid leaving 30 
the valve or traveling to non-wetted areas of the valve, 
and minimizes the potential for metallic contamination 
of high purity chemical process 

A still other key feature of the valve assembly of the 
present invention is the design of the spring containment 3S 
body 178 that completely encapsulates springs 188 and 
190 from liquid leaking past the third diaphragm in the 
event ofa diaphragm failure. The design of isolating the 
springs from such leaking liquid minimizes or even elim- 
inates the potential for metallic contamination of high- 40 
purity chemical process liquid via such leakage. 

Another feature of the design of the valve assembly 
52 of the present invention Is that the spring force re- 
quired to move the valve plug 126 against the seat 76 
to close the valve is minimized. Minimizing the spring 45 
force Is accomplished, in part, by providing the lower 
backup ring 1 56, which engages a selected portion of 
an annular peripheral segment of the downwardly facing 
surface 114a of the diaphragm 114. When the lower 
valve plug 1 26 is disengaged from the seat 76, as is the so 
case when the vah^e is in the condition shown in FIG. 4. 
the pressure of the fluid flowing through the valve from 
the inlet 60 through the outlet 64 acts on the diaphragm 
114 However, the downward force generated by the fluid 
equals only the fluid pressure times the area of the dia- ss 
phragm that is not in contact with the backup ring. This 
minimizes the downwardly directed force opposing the 
spring force, thereby reducing the force required to 



close the valve upon the release of the actuating fluid 
pressure in the space 100. 

The provision ofthe backup ring 156 also minimizes 
the spring force required to maintain the valve plug 126 
seated in the valve seat 76 against any back pressure 
from the outlet 64. For example, when the valve assem- 
bly 52 is in the condition shown in FIG. 2, back pressure 
from the outlet 64 acts on the diaphragm 114, tending 
to disengage the valve plug 1 26 from the valve seat 76, 
which would result in leakage, however, as was de- 
scribed above with regard to the minimized spring force 
for closing the valve plug against the seat 76. the down- 
ward force generated by the fluid equals only the outlet 
line back pressure times the area of the diaphragm that 
is not in contact with the backup ring 1 56. This minimizes 
the dowTiwardiy directed force which operates against 
the spring force and results in minimizing the size of the 
spring required to maintain the valve plug 126 seated 
against back pressure. 

A still other feature of the valve assembly of the 
present invention is that the height of the valve taken up 
by the spring is minimized while optimizing the uniform- 
ity of the spring force. This advantage is accomplished 
by providing the two nested springs instead of a single 
spring. If a single spring, having the same spring force 
as the combined force of the nested springs and having 
the same height as the nested springs, was used, the 
single spring would not provide as constant a spring 
force in the operating range as is provided by the nested 
springs. In order to obtain the same constancy of spring 
force with a single spring that is provkJed by the nested 
springs, the height ofthe single spring would have to be 
substantially more than the height of the nested springs. 
This would require that the valve be larger, which is a 
disadvantage. 

Still another feature of the valve assembly 52 of the 
present invention is the provision of diaphragms which, 
instead of being stretched tight when mounted in the 
valve in a horizontal plane, have a pre-designed amount 
of slack In their surface. In one exemplary embodiment, 
the diameter of the second and third diaphragms, when 
stretched tight, is 1 .965 inches. The tapers 108 and 118 
of the outer walls ofthe upper and lower valve chambers 
70 and 72, respectively, are approximately 4*". In this 
embodiment, the diameter of the upper and lower cham- 
bers 70 and 72, respectively, at their top- and bottom- 
most elevations, i.e., at their openings, is 2.030 inches, 
while the diameters of the upper and lower chamber 
grooves 110 and 120 in which the diaphragm flanges 
106 and 116 are seated are only 1 .955 inches. 

Having the openings of the valve chambers larger 
In diameter than the diameter of the diaphragms pro- 
vides for ease of mounting the diaphragms in the cham- 
ber grooves white, in so doing, the diaphragms are com- 
pressed radially inwardly so that their surfaces are 
slack. Mounting the diaphragms is accomplished by 
sliding each diaphragm along its respective tapered 
chamber wall while compressing the diaphragm radially 



8 



15 



EP 0 892 204 A2 



inwardly until the diaphragm flange Is securely mounted 
in the associated groove. Because the diaphragm sur- 
faces are not tight, movement of the diaphragms, either 
upwardly or downwardly, is accommodated, at least in 
part, by the slack, in the diaphragm surface. This reduc- 
es the stress on the diaphragm as it cycles with the pop- 
pet assembly, thereby increasing diaphragm life. 

Still another feature of the present invention which 
further reduces the stress on the diaphragms as the 
valve cycles is the provision of the V-shaped grooves 
134 and 136 around the base of each valve plug be- 
tween the plug and the diaphragm. In an exemplary em- 
bodiment, a diaphragm is provided which has a thick- 
ness of approximately 0.33 millimeters and a pre-in- 
statled diameter of 50 millimeters. The diameter of the 
valve plug at the center of its height is approximately 20 
millimeters, while the plug diameter at the point of con- 
nection to the diaphragm is approximately 15 millime- 
ters. The grooves are approximately V-shaped (when 
the diaphragm Is In a horizontal plane), and the angle of 
the V Is approximately 27°, while the apex of the V is 
defined by a circular radius of 0.5 millimeters. As can be 
seen by referring to FIGS. 3 and 5, instead of stretching 
the diaphragm when the poppet is moved, the dia- 
phragm material which forms the base of the V simply 
collapses toward or opens away from the base of the 
valve plug. This action reduces the stretching or stress 
on the diaphragm during Its cyling, thereby increasing 
the number of cycles that the valve can undergo without 
diaphragm failure. 

The simplicity of construction of the valve of the 
present invention makes it easy to change the pressure 
of the actuating fluid that is required to operate the valve 
and to change the back pressure which can be with- 
stood without resulting in inadvertent valve opening or 
leakage. For example, the area of the surface of the 
backup ring that is in contact with the diaphragm can 
simply be changed to allow more or less force to be gen- 
erated by the system fluids in a downward direction 
against spring force or in an upward direction with spring 
force. Referring, for example, to FIG. 3. one simple de- 
sign change which results in changing the forces exert- 
ed on the diaphragm 114 can be to change the radius 
of curvature of the lip 220 of the backup ring 156, the lip 
220 being that portion of the backup ring surface that is 
not in contact with the diaphragm and transitions to the 
vertically extending inner peripheral surface of the ver- 
tical bore 168. For example, all other things being con- 
stant, when the valve assembly 52 is in the condition 
shown in FIG. 2 having a larger radius of cun^ature of 
the backup ring lip 220 resuKs in a larger downwardly 
directed force generated by the back pressure from the 
outlet 64 than would be generated if the lip is of a smaller 
radius. This is so because, with the larger radius, less 
diaphragm surface area would be contacted by the 
backup ring compared to the diaphragm surface area 
contacted with a smaller radius lip. Referring to FIG. 3, 
if the radius of the backup ring lip 220 were made small- 
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er, a higher back pressure could be withstood by the 
springs while maintaining the valve plug 126 on the 
valve seat 76. Conversely, if the radius of curvatu re were 
made larger, less back pressure could be withstood. In 
s an exemplary embodiment of the valve assembly 52 of 
the present invention, the radius of curvature of the low- 
er backup ring 156 is 0.093 inch, with the angle ofthe 
backup ring surface contacting the diaphragm surface 
being 12" from horizontal. 
10 Yet another feature of the valve assembly 52 pro- 
vided in accordance with the present invention is that 
the valve can be completely disassembled, yet no add- 
ed O-ring seals seals or the like are required to preclude 
leakage of fluid from the system into the tower cbntain- 
is ment chamber 122. The capability to disassemble the 
valve while eliminating the requirement for extra seals 
Is the result of providing that the connection between 
the valve stem 1 30 and lower valve plug 1 26 be releasi- 
ble, as discussed above. Instead, the connection can 
be repeatedly made and then broken as the valve Is as- 
sembled and disassembled. 

Referring to FIGS. 5 and 6, there are shown semi- 
schematic, cross-sectional side views of a second pre- 
ferred embodiment of a valve assembly provided in ac- 
cordance with practice of the present invention. The 
components of the valve assembly shown in FIGS. 5 
and 6. which are similar to the components Identified 
with reference to FIGS. 2 to 4, have the same reference 
numerals but with a prime (') designation. The valve as- 
sembly 52' of this embodiment incorporates essentially 
the same components as the components of the em- 
bodiments shown in FIGS. 2 to 4. except the embodi- 
ment of FIGS. 5 and 6 is a two-way valve with a single 
inlet and outlet, and only a single valve plug is provided. 

The valve assembly 52' includes a valve body 54* 
which has a top end portion 56' and a bottom end portion 
58'. A fluid inlet passage 60' is through the side of the 
valve body 54' at a first location. A fluid outlet passage 
62' Is through the side of the valve body at a second 
location which is spaced apart radially from the first lo- 
cation. In the illustrated embodiment, the inlet and outlet 
are on opposite sides of the valve body. Fillings 66' are 
provided on the inlet and oullel for connection of piping 
or tubing for carrying liquids to and away from the valve. 

The inlet passage 60* empties into a vertically ex- 
tending cylindrical chamber 68' located in a central re- 
gion of the valve body. An upwardly facing, generally 
cup-shaped upper chamber 70* is located above the cy- 
lindrical chamber 68', and a downwardly extending, gen- 
erally cup-shaped lower chamber 72' is below the cylin- 
drbal chamber. 

A downwardly facing valve seat 76' is in the valve 
body 54' at the bottom of the cylindrical chamber 68' and 
between the inlet passage 60' and the outlet passage 
62'. 

A cap 78' is removably mounted on the top of the 
valve body 54', and a base 84' is similarly removably 
mounted on the bottom of the valve body. The operating 
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mechanism of the valve assembly 52' includes a first 
flexible, imperforate circular diaphragm 90' which Is 
mounted on the inside of the cap 78* in a similar manner 
as the mounting of the diaphragm to the cap as shown 
in FIGS. 2 to 4. A port 102' is through the center of the s 
cap 78' to allow entry and egress of an actuating fluid 
into the space 1 00' between the cap and the diaphragm. 

A second flexible, imperforate circular diaphragm 
104' is mounted across an upper portion of the valve 
body. The second diaphragm is mounted in the valve 
body similarly to the mounting of the second diaphragm 
to the valve body as shown in FIGS. 2 to 4. A third flex- 
ible, imperforate circular diaphragm 114' Is mounted 
across a lower portion of the valve body below the down- 
wardly facing valve seat 76*. The third diaphragm is 
mounted in the valve body in a similar manner as the 
third diaphragm was nnounted In the valve body shown 
in FIGS.2to 4. 

The poppet assembly 124' is similar to the poppet 
assembly of FIGS. 2 to 4, with the exception that no up- 
per valve plug is provided but, instead, the stem 1 30' is 
connected directly to the downwardly facing surface of 
the second diaphragm. A lower valve plug 1 26' is inte- 
gral with the upwardly facing surface 114a' of the third 
diaphragm and is configured to engage the downwardly 
facing valve seat 76* to thereby stop the flow of fluids 
from the inlet 60* through the outlet passage 62*. 

Annular backup rings 154* and 156* are mounted in 
the upper and lower fluid containment chambers, re- 
spectively. As is shown in FIG. 6, a bore 164' extends 
horizontally through the upper backup ring 154*. and a 
generally vertical leak detection passage or bore 166' 
extends from the region of the upper containment cham- 
ber 112* surrounding the backup ring through the valve 
body to the exterior surface of the valve body for the 
passage of fluids which may leak through the second 
diaphragm and into the upper containment chamber. 

The annular backup ring 156' in the lower contain- 
ment chamber incorporates a horizontal passage or 
bore 180' for passage of any fluids which may leak into 
the lower containment chamber through the third dia- 
phragm 114'. A generally vertical leak detection pas- 
sage or bore 182' extends from the region of the lower 
containment chamber surrounding the cylindrical out- 
side surface 172* of the backup ring 156' vertically 
through the valve body to the exterksr surface of the 
valve body for the passage of fluids which may leak 
through the third diaphragm and into the lower contain- 
ment chamber. In the illustrated embodiment, the leak 
detection passage 1 66* extending from the region of the 
upper containment chamber and the leak detectkMi pas- 
sage 1 82' extending from the lower containment cham- 
ber flow together and exit the valve body through the 
leak detection port 184'. 

In FIGS. 5 and 6, the valve is shown in a condition 
with the springs 1 88' and 1 90' biasing the valve plug 1 26' 
against the seat 76', to thereby stop the flow of fluids 
from the inlet 60* to the outlet 62*. 



As can be seen to referring to FIG. 7, upon entry of 
the actuating fluid into the space 1 00*. the fluid pressure 
acts on the diaphragm 90' to force the diaphragm 90' 
and associated plug 94' down, pushing the poppet as- 
sembly 124' and the connected second and third dia- 
phragms In a downwardly direction against the force of 
the springs 188* and 190'. This results in the valve plug 
126' disengaging the downwardly facing valve seat 76* 
to allow the flow of fluids from the inlet 60* through the 
outlet passage 62'. 

Referring to FIG. 8, yet another preferred embodi- 
ment of the valve assembly of the present Invention is 
shown. Parts of the device of FIG. 8, which are similar 
to parts Identified with reference to FIGS. 2 to 7 have 
the same reference numerals, with a double prime (") 
designation. The FIG. 8 ernbouirneni is the same as the 
FIGS. 5 to 7 embodiment with the exception that the 
poppet assembly 124" is reversed, i.e.. the valve as- 
sembly 52" Is In a normally open condition, wherein the 
valve plug 128" is biased away from the valve seat 74" 
by the springs 188" and 190". 

The above description of preferred embodiments of 
the diaphragm valve of the present invention are for il- 
lustrative purposes. For example, the "three-way" vah/e 
described with reference to FIGS. 2 to 4 could use the 
port 60 as an outlet with the ports 62 and 64 functioning 
as inlets for two separate fluids. Because of variations 
which will be apparent to those skilled in the art, the 
present Invention Is not Intended to be limited to the par- 
ticular embodiments described above. The scope of the 
invention is defined in the following claims. 
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Claims 

35 

1 . A valve assembly comprising: 

a valve body having a central chamber that ex- 
tends therethrough, having a fluid inlet and a 
40 fluid outlet each disposed through wall portions 

of the valve body; and having an open top end 
and an open bottom end; 
a valve seat at an edge of the central chamber, 
wherein the valve body includes a groove dis- 
45 posed concentrically around the valve seat; 

a p)oppet assembly disposed within the valve 
body, the poppet assembly comprising: 

an imperforate valve stem disposed within 
so the central chamber; and 

an imperforate valve plug attached at one 
end of the valve stem, wherein the valve 
plug is positioned outside of the central 
chamber adjacent the valve seat; 



55 



a cap attached to the valve body top end; 

a first flexible imperforate diaphragm disposed 

within the cap; 
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a second flexible imperforate diaphragm dis- 
posed within the valve body between the pop- 
pet assembly and the first diaphragm, and con- 
nected to one end of the poppet assembly, 
wherein the second diaphragm forms a leak- 
light seal with the valve body, 
a base attached to the valve body bottom end; 
a third flexible Imperforate diaphragm disposed 
in the valve body between the poppet assembly 
...and the base, and connected to an end of the 
. poppet assembly opposite the second dia- 
-phragm, wherein the third diaphragm forms a 
leak-tight seal with the valve body; and 
^ spring means disposed between the base and 
the third diaphragm for imposing a biasing force 
onto the poppet assembly; 
wherein placement of the valve plug against the 
valve seat prevents liquid migration through the 
valve from the fluid inlet to the fluid outlet. 

A valve assembly as claimed in claim 1 further com- 
prising: 

a first annular backup ring disposed within the 
valve body between the first and second dia- 
phragms, the first ring having a channel through 
It from an inside peripheral surface to an out- 
side peripheral surface for passage of any flu- 
ids which may leak between the first and sec- 
ond diaphragms; and 
. a second annular backup ring disposed within 
the valve body between the third diaphragm 
and the base, the second ring having a channel 
through it from an inside peripheral surface to 
an outside peripheral surface for passage of 
any fluids which may leak between the third di- 
aphragm and base. 



A valve assembly as claimed in claim 1 further com- 
prising: 40 



a second fluid outlet through the valve body; 
a second valve plug integral with an end of the 
valve stem that is integral with the second dia- 
phragm; and 

a valve seat positk>ned at the.edge of each end 
of the valve body central chamber 
wherein placement of each valve plug against 
a respective valve seat directs the liquid flow 
through the valve body from the liquid inlet to 
one of the liqukj outlets. 
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4. A valve assembly comprising: 

(a) a valve body having a top and a bottom, with 
a fluid inlet passage through the side of the 
valve body at a first location and a fluid outlet 
passage through the side of the valve body at 



45 



so 



55 



a second location; 

(b) a valve seat in the valve body facing toward 
the valve body bottom and located between the 
inlet and outlet passages; 

(c) a cap removably mounted on the top of the 
valve body; 

(d) a first flexible imperforate diaphragm 
nriounted on the inside of the cap; 

(e) a second flexible imperforate diaphragm 
mounted across an upper portion of the valve 
body above the valve seat, the second dia- 
phragm spaced below the first diaphragm and 
forming an upper barrier for fluid flowing 
through the valve, wherein the space between 
the first and second diaphragms forms an up- 
per fluid containment chamber; 

(f ) a base removably mounted on the bottom of 
the valve body; 

(g) a third flexible imperforate diaphragm 
mounted across a lower portion of the valve 
body below the valve seat, the third diaphragm 
spaced below the second diaphragm and form- 
ing a lower barrier for fluid flowing through the 
valve; 

(h) a poppet assembly connected between the 
second and third diaphragms which moves with 
the diaphragms, the poppet assembly compris- 
ing: 

(1) a valve plug connected to an upwardly 
facing surface of the third diaphragm, the 
valve plug configured for engaging the 
valve seat to thereby stop the flow of fluids 
through the valve, wherein the valve body 
includes a groove disposed therein and po- 
sitioned concentrkralty around the valve 
seat to permit the valve seat to flex out- 
wardly when engaged to the valve plug to 
thereby enhance the seal between the 
valve plug and seat the two are engaged ; 
and 

(2) a valve stem connected at its top end 
to a downwardly facing surface of the sec- 
ond diaphragm and extending downwardly 
through a center portion of the valve body, 
the bottom end of the valve stem remova- 
bly connected to the valve plug 

(i) spring means mounted in a space between 
the third diaphragm and the base for biasing the 
poppet assembly and connected second and 
third diaphragms in an upwardly direction for 
engaging the valve plug. wKh the valve seat to 
thereby ck>se the valve; 

(i) an annular backup ring mounted in the upper 
fluid containment chamber, the ring having a 
channel through it from its inside peripheral sur- 
face to its outside peripheral surface for pas- 
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sage of any fluids which may leak Into Ihe 
chamber through the second diaphragm; and 
(k) a leak detection passage extending from the 
region of the upper containment chamber sur- 
rounding the outside peripheral surface of the s 
backup ring through the valve body to the ex- 
terior surface of said valve body for the passage 
of fluids which may leak through the second di- 
aphragm into the upper containment chamber. 

10 

5. A valve assembly as claimed in claim 4 further com- 
prising a spring containment body disposed be- 
tween the third diaphragm and the base for enclos- 
ing the spring means therein and isolating the 
spring means from any liquid leaking past the third i^ 
diaphragm, Vvherein the spring containment body 
has a thin wall sleeve to accommodate axial com- 
pression and expansion displacement of the spring 
means therein. 

20 

6. A valve assembly as claimed in claim 4 additionally 
comprising an annular backup ring mounted in a 
space defined between the third diaphragm and the 
base, the space being a lower fluid containment 
chamber, the ring having a channel through it from 2S 
its inside peripheral surface to its outside peripheral 
surface for passage of fluids which may leak into 
the chamber through the third diaphragm, wherein 
the top surface of the ring contacts an annular seg- 
ment of a downwardly facing surface of the third di- so 
aphragm, the annular segment extending from the 
outer peripheral edge of the third diaphragm radially 
inwardly a s^: c led distance, wherein the portk>n of 

a top surface oi ine ring which is in contact with the 
annular segment when the valve is closed slopes 3S 
upwardly from the periphery of the ring toward its 
center. 

7. A valve assembly comprising: 

40 

(a) a valve body having a top and a bottom, with 
a fluid inlet passage through the side of the 
valve body at a first location and a fluid outlet 
passage through the side of the valve body at 

a second location, the first k>catlon spaced 4S 
apart radially from the second location; 

(b) a valve seat In the valve body facing toward 
the valve body bottom and located between the 
inlet and outlet passages; 

(c) a cap removably mounted on the top of the so 
valve body, the cap having a port through its 
center for entry of a fluid for actuating the valve; 

(d) a first flexible imperforate diaphragm 
mounted on the inside of the cap, wherein a 
space is defined between the upper surface of ss 
the diaphragm and the inner surface of the cap, 

the actuating fluid port opening Into said space; 

(e) a second flexible imperforate diaphragm 



mounted across an upper portion of the valve 
body above the valve seat, the second dia- 
phragm forming an upper barrier for fluid flow- 
ing through the valve and being in registration 
with the first diaphragm, wherein the space be- 
tween the first and second diaphragms forms 
an upper fluid containment chamber; 

(f ) a base removably mounted on the bottom of 
the valve body; 

(g) a third flexible Imperforate diaphragm 
mounted across a lower portion of the valve 
body below the valve seat, the third diaphragm 
forming a tower barrier for fluid flowing through 
the valve and being in registration with the first 
and second diaphragms, wherein the space be- 
tween the third diaphragm and the base forms 
a lower fluid containment chamber, 

(h) a poppet assembly connected between the 
second and third diaphragms which moves with 
the diaphragms, the poppet assembly compris- 
ing: 

(1 ) an imperforate valve plug connected to 
an upwardly facing surface of the third di- 
aphragm, the valve plug configured for en- 
gaging the valve seat to thereby stop the 
flow of fluids through the valve; and 

(2) an imperforate valve stem connected at 
a top end to a downwardly facing surface 
of the second diaphragm and extending 
downwardly through a center portion of the 
valve body, wherein the valve stem in- 
cludes a closed distal end that is removably 
connected to the valve plug; 

(i) spring means in the lower containment 
chamber for biasing the poppet assembly and 
connected second and third diaphragms In an 
upwardly direction for engaging the valve with 
the valve seat to thereby close the valve; 

(j) a first annular backup ring mounted in the 
upper fluid containment chamber, an outer por- 
tion of the first ring extending between the first 
and second diaphragms, a bottom surface of 
the first ring contacting an annular segment of 
an upwardly facing surface of the second dia- 
phragm, said annular segment extending from 
an outer peripheral edge of the second dia- 
phragm radially inwardly a selected distance, 
the first ring having a channel through it from 
an inside peripheral surface to an outside pe- 
ripheral surface for passage of any fluids which 
may leak into the chamber through the second 
diaphragm; 

(k) a leak detection passage extending from the 
region of the upper containment chamber sur- 
rounding the outside peripheral surface of the 
first ring through the valve body to its exterior 
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surface for the passage of fluids which may leak 
through the second diaphragm into the upper 
containment chamber; and 
(I) a second annular backup ring mounted in the 
lower containment chamber, the second ring B 
having a channel through it from its inside pe- 
ripheral surface to an outside peripheral sur- 
face for passage of fluids which may leak into 
the chamber through the third diaphragm, 
wherein a top surface of the second ring con- io 
tacts an annular segment of a downwardly fac- 
ing surface of the third diaphragm, the annular 
•segment extending from an outer peripheral 
•edge of the third diaphragm radially inwardly a 
selected distance, wherein the portion of the 
top surface of the second ring which is in con- 
tact with the annular segment when the valve 
is closed slopes upwardly from the periphery 
ring toward its center. 

20 

8. A valve assembly as claimed in claim 7 wherein the 
spring means is encapsulated within a containment 
body disposed within the inside peripheral surface 
of the second ring, wherein the containment body 

is adapted to accommodate axial displacement of 2S 
the spring means and forms a leak-tight seal at a 
peripheral edge with the second ring to isolate the 
spring means from any liquid leaking past the third 
diaphragm. 

30 

9. A valve assembly comprising: 

(a) a valve body having a top and a bottom, a 
fluid inlet passage through the side of the valve 
body at a one location and at least one fluid out- 3S 
let passage through the side of the valve body 

at another location, and having a central cham- 
ber extending therethrough; 

(b) at least one valve seat in the valve body at 

an edge of the central chamber; 40 

(c) a cap removably mounted on the top of the 
valve body; 

(d) a first flexible imperforate diaphragm 
mounted on the inside of the cap; 

(e) a second flexible imperforate diaphragm 
mounted across an upper portion of the valve 
body above the central chamber, the second di- 
aphragm spaced below the first diaphragm and 
forming an upper barrier for fluid flowing 
through the valve, wherein the space between so 
the first and second diaphragms forms an up- 
per fluid containment chamber. 

(f ) a base removably mounted on the bottom of 
the valve body; 

(g) a third flexible imperforate diaphragm ss 
mounted across a lower portbn of the valve 
body below the central chamber, the third dia- 
phragm spaced below the second diaphragm 



and forming a lower barrier for fluid flowing 
through the valve; 

(h) a poppet assembly disposed within the 
valve body and connected between the second 
and third diaphragms which moves with the di- 
aphragms, the poppet assembly comprising: 

(1) an imperforate valve stem projecting 
axially away from a downwardly facing sur- 
face of the second diaphragm, and dis- 
posed within the central chamber; 

(2) at least one valve plug disposed at one 
end of the valve stem, the valve plug being 
configured to engage the valve seat to 
thereby stop the flow of liquid through the 
valve; 

(i) spring means in a space between the third 
diaphragm and the base for biasing the poppet 
assembly and connected second and third dia- 
phragms in an upwardly direction; 

(j) a containment body disposed between the 
third diaphragm and base for encapsulating the 
spring means therein, the containment body 
having a thin wall construction to accommodate 
axial displacement of the spring means, and 
having a peripheral edge that fonfns a leak-tight 
seal against the base to isolate the spring 
means from any liquid that leaks past the third 
diaphragm; 

(k) an annular backup ring mounted in the up- 
per fluid containment chamber, the ring having 
a channel through it from an inside peripheral 
suriace to an outside peripheral suriace for 
passage of any fluids which may leak into the 
chamber through the second diaphragm; and 
(I) a leak detection passage extending from the 
region of the upper containment chamber sur- 
rounding the outside peripheral surface of the 
backup ring through the valve body to the ex- 
terbr surface of sakj valve body for the passage 
of fluids which may leak through the second di- 
aphragm into the upper containment chamber. 

10. The valve assembly as claimed in claim 9 wherein 
the at least one valve plug is integral with one of the 
second or third diaphragm. 
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(54) Improved diaphragm valve with leak detection 

(57) A valve assembly comprises a valve body and 
at least one valve g^aat Is disposed within the valve body. 
A groove is disposed therein concentrically around the 
valve seat. A poppet assembly is disposed within the 
valve body and comprises an imperforate valve stem 
and a valve plug at an end of the valve stem. For three- 
way flow, the valve body includes two valve seats, and 
a valve plug at each valve stem end. A cap is attached 
to an end of the valve body top and a first flexible im- 
perforate diaphragm is disposed within the cap. A sec- 
ond flexible imperforate diaphragm is disposed within 
the valve body between the poppet assembly and the 
first diaphragm, and forms a leak-tight seal with the 
valve body. A base is attached to an opposite end of the 
valve body. A third flexible imperforate diaphragm is dis- 
posed In the valve body between the poppet assembly 
and the base, and forms a leak-tight seat with the valve 
body. A spring means is disposed between the base and 
the third diaphragm for imposing a biasing force onto 
the poppet assembly- A containment body is used to en- 
capsulate the spring means and isolate It from any liquid 
that leaks past the third diaphragm. 
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1. Claims: 1*6 

Valve assenA)1y with three diaphragm to provide leak-tight 
ccmpartments. The valve member diaphragms seal against a 
valve seat. 

Prior art document US5261442 discloses a valve assenbly with 
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valve member diaphragms to seal against a valve seat* 

Special technical feature of subject 1: A groove around the 
valve seat. 



Problem solved: reduce possible leakage between valve mefnber 
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2. Claims: 7,8 

Valve assembly with three diaphragms to provide 1eak*tight 
compart ements. The valve member diaphragms are supported by 
an annular back-up ring. 

Special technical feature of subject 2: in closed position 
(reduced stress) upwardly sloping of the valve member 
diaphragms from the periphery ring towards it center. 



Problem solved: Stress reduction in the valve member 
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3. Claims: 9»10 

Valve assembly with three diaphragms to provide leak- tight 
con9)artements. The valve member assembly is spring-loaded 
for a preselected position. 

Special technical feature of subject 3: encapsuled spring. 



Problem solved: Prevent contamination of the process fluid 
by the spring in case of leakage. 
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